Manifestations of Stress in Domestic Animals
The consideration of stress in domestic animals is relatively recent. Prior to the 1950s it was mainly the behavioural psychologists who studied the responses of laboratory species to novel or harsh situations. The experimental procedure invariably involved the use of one of several conditioning techniques and the literature contains many published papers listing the responses of rats to, for example, electric shocks of varying frequency and amplitude. During the 1950s some came to believe that the systems of production imposed upon some species of domestic animals might also constitute a stressful environment, and eventually as a result of increasing public pressure the Government established a 'Technical Committee to enquire into the Welfare of Animals kept under intensive livestock husbandry conditions'. The subsequent report published in 1965 as Command Document 2836 has since become well-known as the Brambell report after the Chairman, Professor F W Rogers Brambell.
During their deliberations the Committee were impressed with the concept of suffering described in the Report of the Departmental Committee on Experiments on Animals (1965) . This categorized suffering into 3 types: (1) discomfort, characterized by poor condition, torpor, diminished appetite; (2) stress, a condition of tension or anxiety predictable or readily explicable from environmental causes whether distinct from or including physical causes; (3) pain, recognized by struggling, screaming, &c., convulsions and severe palpitation. The Brambell Committee also stated 'that changing patterns of husbandry may mean varying degrees of frustration and discomfort to animals whose normal patterns of behaviour are still imperfectly understood'. There was then a paucity of information about the normal behaviour patterns of many domestic animals and because of public disquiet the Committee were obliged to publish their report although they conceded that it lacked necessary behavioural information which could only be obtained from long-term researches. This very brief introduction then describes the situation obtaining in 1965. Since that time information has been gathered which enables us to understand more fully the response ofan animal to its environment.
The concept of stress is one which most people believe they understand. If one probes deeper, however, it is usually only the physical stressor and response system which has been considered. The layman invariably believes that stress is an all-or-none phenomenon. Under certain conditions the animal lives in a trouble-free, pressurefree paradise. The dog does not have to scavenge for its next meal; the horse is able to reach sufficient clean grass without walking far; the mountain sheep will not be troubled by severe weather and barren hill pastures during winter. However, when the dog's owner does not provide it with regular meals and the horse is left on a faeces-contaminated field too long, or a harsh winter reduces the bodyweight of a pregnant mountain ewe by 10%, the animals are then regarded as stressed. This simplified view is still held by some people although it is now widely accepted that there is no sudden transition from a non-stressed to a stressed condition. The animal is able to adjust its physiological responses to changing environmental conditions without any observable change in behaviour. Recent advances in biotelemetry have facilitated the measurement of minute changes in blood flow and heart rate. Therefore, changes in the animals' physiological response can be detected before the advent of behavioural changes. In this situation the sup-Proc. roy. Soc. Med. Volume 68 July 1975 porters of the all-or-none approach find themselves in somewhat of a quandary. The obvious solution is to regard stress as part of the continuous attempt by animals to maintain themselves in a state of equilibrium with their environment. This is illustrated by a consideration of the effects of temperature changes. The animal is able to initially adapt to increasing temperatures with the aid of minor physiological changes until a certain point is reached when it will have to alter some other aspects of its bodily function, for example, by increasing respiration rate. If ambient temperature continues to increase then more drastic behavioural changes may be necessary, such as a modification of grazing activity and the seeking of shade. Some of the observable behavioural changes may not inconvenience the animal or result in any changes in the usual measurable stress response parameters. For instance, it may not matter to an animal if it has to graze under trees rather than in an unshaded portion of a field.
The preceding comments have been directed at some aspects of the physical environment, and the observational approach should be sufficient to detect a stress situation assuming that the observer is fully acquainted with the animal's normal behaviour pattern in the optimum environment, or at that particular stage of the cycle of activities, or at that time of day. Behavioural adjustments may include hyperphagia, or anorexia, decreased or increased respiratory rate, group huddling or dispersion, body flexure or extension, increased or decreased motor activities, reduced mental alertness or extreme sensitivity.
In certain situations changes in motor activities are more dramatic. The appearance of displacement activities is indicative of a mental conflict situation. For example, two hens may be engaged in a fight when one of them is seen to break away and indulge in feeding activities before returning to fight. It is suggested that in such a situation the hen is faced with two possible actions, to fight or flee, and it is unable to resolve the choice. Displacement activities may also appear if an animal is frustrated. The inability to reach food may evoke behavioural responses which are normally associated with an activity which is completely dissociated from feeding behaviour but which is nevertheless part of the normal behavioural repertoire.
All of these responses are observable assuming one is acquainted with the animals in question.
However, there are some stress responses which are not so obvious to the eye and require a more objective approach because they are not immediately apparent. In this situation the examination of records containing performance figures may reveal the effects of social stress.
The social environment may also be a source of stress, although less well understood. All of the present-day domestic animals are members of social species by definition, pursuing groupliving habits. The fact that a species finds that group-living is better than the pursuit of an independent existence suggests that the individuals gain some benefit from the presence of other members of the species, therefore an operational system of communication must prevail. Also, in a peaceful group structure each animal must occupy a position in which social pressure is minimized. For example, an animal in the latter stages of its life span should not face a persistent challenge from a pubescent individual. Under ideal conditions the animal group suppresses this possibility by maintaining a spatial network. There is an optimum distance between animals of similar rank or status and dominant and subordinate animals are usually separated by the intermediate ranking members of the group.
Recent developments in modern intensive husbandry systems have invariably included a restriction of space for the animals. The result has been to bring animals of different rank closer together. Other aspects of modern husbandry have emphasized the theoretically economic advantages of maintaining animals in groups of the same age or weight so that one achieves maximum utilization of housing accommodation. Unfortunately dominance status and weight are closely associated and, for example, in cattle a correlation ceefficient of 0.51 has been estimated (Arave & Albright 1974) .
Both space restriction and standardization of age for a group of animals make it much more difficult for the individuals to establish and maintain a satisfactory hierarchy in which all animals can fully express their genetic production capacity. In general terms one finds the variation in growth rate increases somewhat as group size is enlarged or floor area decreased. This is easy to demonstrate in the short term but little is known about the long-term consequences. Recent work at Bristol has concentrated on this aspect (Brittain 1973) . Mice were used as the study species because their rapid growth up to breeding age enables one to examine trends over several generations. The effects of floor area on productivity, growth and behaviour were studied and genetically identical mice were used which were maintained in cages with breeding areas of 150 cm2, 600 cm2 or 1350 cm2. Littermate males and females were allocated to each cage size and breeding pairs set up. The males were removed when the female was obviously pregnant and the female allowed to have her young in the breeding area. The offspring were weaned at 28 days into single-sex groups and the floor area adjusted according to the number of mice in each group. At 8 weeks the heaviest male and female were selected to enter the next generation. A cyclical mating programme was used to minimize in-breeding effects. Early results showed that breeding floor areas of 600 cm2 or more impaired infantile growth and survival and it was shown that survival was directly related to cage size. Female mice bred in cages of 150 cm2 lost approximately 20% of their litters whilst corresponding animals in cages of 1350 cm2 suffered an 80% offspring mortality. A reversal of cage conditions for the same breeding females for the next litters simply reversed the mortality figures so it was possible to obtain high or low infantile mortality by placing the female in a large or small cage. Assessments of maternal behaviour were also conducted and the results showed that females with smaller breeding areas produced the highest maternal scores. The offspring mortality in large cages was invariably due to a failure of the female to nurse the young and mammary development was inhibited. However, post-weaning growth was not affected by floor area. The results therefore suggested that the effect of floor area was maximal during the parturient and nursing periods. Furthermore, cross-fostering of young at birth showed that the viability of the young was unaffected by conditions in utero.
Such data therefore emphasize the importance of space and illustrate the sensitivity of the dam during the post-partum period. It is important to note that the mouse is less productive when available space is increased which contradicts the opinion that restricted space leads to a reduction in performance. A possible interpretation of these results suggests there may be an optimum spatial requirement and increases or decreases lead to changes in reproductive efficiency. Although only spatial effects were studied, there are now indications that when group size is introduced as another variable, interaction effects begin to emerge. In the dairy industry the resultant effect of increasing the size of the herd and reducing floor area per cow has been a suppression of cestrus. Work in the UK and USA suggests that optimum group size is between 70 and 100 cows at present day floor area allowances of 80-100 sq ft (7.4-9.3 m2) per cow. Some herds exceeding these numbers during the housed winter period have reported a decline in behavioural aestrus, which means that artificial insemination is delayed and there is a subsequent loss of milk production. Other work at Bristol with battery housed hens shows that they too reflect the effects of group size and floor area allowances by altering not only egg output but also the composition of the egg. This paper has attempted to give some indication of the attitudes of man towards stress in domestic animals. Man's attitude and ability is important because he has to decide whether an animal is stressed and we still rely heavily on subjective measures of assessment as knowledge of behaviour patterns under different management systems is very inadequate, although information is now coming forward. Much additional work is now in progress featuring the adrenal gland and corticosteroid levels although in terms of an onthe-spot appraisal of stress the behaviour and/or the reproductive performance of the animal is and probably will remain for a considerable time the most important means of assessment of stress in domestic animals. Performance Under Stress Think about the idea of stress for a moment and one begins to feel that there are as many meanings to it as there are contexts to consider it in. In the context of performance it has proved useful to think in terms of high and low arousal stress: performance may be worse either because a man is too anxious, overloaded, or afraid, or because what he has to do is too little or too uninteresting to help him maintain alertness. The stress of under-arousal is reasonably well documented (e.g. Wilkinson 1965), that of over-arousal less so, mainly because it is a difficult topic to study experimentally. Nevertheless, researchers have indeed succeeded in studying the performance of laboratory-type tasks in field settings of high anxiety and considerable danger, for example before a maiden parachute jump (Hammerton & Tickner 1968 ) and during open sea diving (Baddeley 1972) . Performance was impaired. due possibly to some distraction of attention from the test in face of more pressing needs of selfpreservation. What happens when the performance of the test is itself made relevant to avoiding danger? Only one experiment appears to have addressed the question successfully:
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